The Swedish catalogue of paleoseismic events includes 64 separate events. The seismic activity was especially high, in magnitude and frequency, in the Late Glacial with peak rates of glacial isostatic uplift. At about 12,400 C14-years BP (14,600 cal•yrs BP), there was a very strong event on the Swedish west coast. The magnitude was estimated at M > 8. It was linked to intensive liquefaction and a major tsunami event. In this paper we describe sedimentological structures of liquefaction, ground shaking and tsunami wave actions from the Hunnestad gravel pits, to the east of the city of Varberg on the Swedish West Coast. The liquefaction structures documented offer impressive and educational insight into the process of liquefaction at high-magnitude earthquakes.
Introduction
Sweden has turned out to have been an area of high seismicity in magnitudes as well as in frequency [1] [2] . This was primarily the case in deglacial time when the rates of glacial isostatic uplift amounted to tens of centimeters per year. The First Paleoseismic Catalogue of Sweden included 52 events [2] , and the Second Paleoseismic Catalogue 64 events [3] . Events of magnitudes estimated at M 8 or even M > 8 were recorded and documented [2] . In the Stockholm area, 7 events were recorded within 102 varve years [4] . Even in the last 5000 years as many as 11 paleoseismic events were recorded. Recent analyses [5] [6] have shown that some of them may even have amounted to M ~ 8.
The Swedish West Coast and the Kattegatt Sea are traversed by an active tectonic 
Previous Work
The site was first described in [7] as an example of an ice marginal terminal moraine of stratified glacifluvial drift on the coastal plane of the County of Halland (Figure 3 ). The area was deglaciated at about 12,600 C14-years BP. At about 12,700 C14-years BP, the marine fauna recorded a general change from arctic to boreo-arctic conditions. This was the onset of the Ågård Interstadial (or Early Bölling Interstadial), lasting 12,700 -12,400 C14-yrs BP [7] . At about the same time, drop-stones of Cretaceous chalk and flint from the Strait of Öresund were deposited on the coastal plane of Halland. There were even pebbles with attached barnacles deposited in the littoral sand and gravel.
The Quaternary map of the area [11] discusses the stratigraphy in the Hunnestad gravel pits. It is claimed the there are records of subaerial cryoturbation (ice wedge casts), covered by a littoral unit including drop-stones of chert and flint, which the author took as evidence of a transgression.
The fact, however, is that his cryoturbation structures have nothing to do with ice wedge casts, but are typical liquefaction structures and the covering littoral unit a tsunami bed [2] . This is illustrated in Figure 4 . All the paleoseismic characteristics are there; structureless sand, bowl and pillar structures, folds, venting dikes, fragmented beds, etc. The interpretation seems clear: a paleoseismic event liquefying the sandy beds and an associated tsunami throwing up a littoral gravel bed above, which includes small and large ice-blocks drifted from the Öresund Figure 5 ) [2] . The same structure was in the map description of the area erroniously classified as "ice wedges" [11] . The structures have nothing to do with ice wedge casts or any other types of cryoturbation, but provide clear evidence of liquefaction (with a covering tsunami bed).
region and dropping erratic clasts into the bed. The age of the paleoseismic event was 12,400 C14-years BP (14,600 cal•yrs BP), marking the onset of the Fjärås Stadial and the building out of the prominent ice marginal end-moraine zone known as the Fjärås Line [7] . The Hunnestad gravel pits were a stop at the ICG International excursion in 2008 [8] . At this stop, the participants dug up a number of excellent liquefaction structures. Further excavation was undertaken in 2013 in time for a seismological excursion the same year [9] . Figure 5 gives an overview of the Hunnestad gravel pits as they look today (the western part now being strongly overgrown) with the sites mentioned in the text marked and numbered (1 -6) .
Structures Observed
Site 1 ( Figure 1 ) was extensively cleaned up and documented in 2008. The new section is shown in Figure 6 .
At Site 2, magnificent liquefaction structures were found in 2008. Figure 8 shows a mega-vent with a big block "swimming" in the liquefied sand. This calls for a high-magnitude liquefaction-triggering earthquake (cf. [2] and [12] ). Figure 9 shows further liquefaction details from the same section.
At Site 3, there is a mega-structure of liquefied and deformed beds ( Figure  10 ).
At Site 4, there is multiple vertical faulting of sand segments ( Figure 11 ) accommodating pressure and mass movements due to the liquefaction. In the stratigraphic middle, there is a liquefied bed including "swimming" stones. At Site 5, a wedge of gravel and stones has moved westward floating or "swimming" on top of a liquefied bed ( Figure 12 and Figure 13 ). The liquefied sand has penetrated through the gravel unit, and in front of the wedge, there is a major venting and mushrooming of the liquefied sand as illustrated in Figure   13 . The mode of fluvial motion in similar structure has been studied by [14] applying magnetic methods.
Finally, Site 6 offers a very interesting view of stones that have been shaken down into "swiming" positions in liquefied sand. A similar shaking effect has been described from a early Holocene beach deposits [2] (op.cit. p. 250). This section offers quite exceptional records of shaking effect with respect to liquefaction and massive sinking-down and "swimming" of stones and blocks.
In conclusion, the Hunnestad gravel pit ( Figure 5 ) offers an educational variety of excellent liquefaction structures (Figures 6-14) , calling for a high-magnitude causation earthquake. Figure 14 redord massive sinking-down of stones into the liquefied sand due to the ground shaking. A tsunami height in the order of 10 -15 m corresponds to an earthquake magnitude of M 8 to >8 [6] . 
Additional Seismotectonic Structures
In the Båstad region (blue + mark in Figure 1 ), huge earth slides have been recorded along the Mt Hallandsåsen fault zone. These slides go down to the 12,400
C14-yrs BP shoreline [9] and were therefore interpreted as co-incidental to this shore position. This implies that they are of the same age as the liquefaction structure and tsunamite recorded in Hunnestad gravel pit.
In 2016, a new section was exposed of the Late Glacial surface at Hovs Hallar ( Figure 15) , previously hidden by a dense cover of junipers and blackberry.
The earthquake record at Hoves Hallar ( Figure 15 ) fits perfectly well with the records documented in Hunnestad gravel pit (Figures 6-14) . In addition, there are a number of other sites in the County of Halland where paleoseismic structures have been identified ( [2] , pp. 280-288). They were all ascribed to the Halland-1 paleoseismic ecent dated at 12,400 C14-yrs BP.
The Kattegatt Sea is traversed by a fault zone as illustrated in Figure 1 [2] [7] .
It seems likely that the epicenter of the Halland-1 paleoseismic event and the deformations recorded in Hunnestad gravel pit (Figures 6-14) and the earthquake deformation at Hovs Hallar (Figure 15 ), all occurring at 12,400 C14-yrs BP, was located along the Kattegatt Fault zone. Therefore, it seems quite significan that [15] reported a strong faulting event in central Kattegatt within the time-window of 12,600 to 11,500 C14-yrs BP; i.e. very close to the age of the structures recorded along the Swedish West Coast (the Halland-1 event) sharply dated at 12,400 C14-yrs BP [2] . 
Possible Magnetic Grain Rotation
The Gothenburg Geomagnetic Excursion or "Flip" occurred at 12,400 C14-yrs BP [16] [17] [18] . This implieas that it has the same age as the Halland-1 paleoseismic event [2] . Because we now know that earthquake shaking may significantly affect magnetic orientation [14] , one may wonder if the Gothenburg where a smooth paleomagntic departure of 180˚ in declination and 0˚ -20˚ in inclination has been recorded in multiple samples [2] . This is further underlined by a beryllium spike just at the time of the Gothenburg Excursion [19] . This is [19] .
For the moment, it seems that some of the paleomagnetic departures documented originate from earthquake shaking, whilst other represent true geomagnetic field changes.
Conclusions
At 12,400 C14-yrs BP or 14,600 cal•yrs BP, there was a huge earthquake on the Swedish West Coast. In the Båstad region (blue + mark in Figure 1 ), huge earth slides have been recorded along the Mt Hallandsåsen fault zone. These slides go down to the 12,400 C14-yrs BP shoreline [9] and were therefore interpreted as co-incidental to this shore position. This implies that they are of the same age as the liquefaction structure and tsunamite recorded in Hunnestad gravel pit. This is "the Halland-1 paleoseismic event" of [2] . The deformations observed cover an area of 100 × 300 km, which implies a very large earthquake. 
